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1. Introduction {#ehf212589-sec-0004}
===============

Cancer therapy in children has greatly improved over the last decades with an increased number of long‐term survivors. It is estimated that \~379 000 survivors of childhood cancer currently live in the USA.[1](#ehf212589-bib-0001){ref-type="ref"} This development is, however, associated with significant cancer therapy‐related cardiovascular diseases.[2](#ehf212589-bib-0002){ref-type="ref"}, [3](#ehf212589-bib-0003){ref-type="ref"} Cardiovascular side effects include heart failure, coronary artery disease, arrhythmia, valvular disease, and thromboembolism.[4](#ehf212589-bib-0004){ref-type="ref"}, [5](#ehf212589-bib-0005){ref-type="ref"} The rate of heart failure is at 4.8% by the age of 45 years, representing a major impact on morbidity and quality of life.[1](#ehf212589-bib-0001){ref-type="ref"} Anthracyclines (e.g. doxorubicin, daunorubicin, and epirubicin) are components of the treatment of nearly 60% of children with cancer and account for the majority of therapy‐related cardiotoxicity. Anthracyclines have a known cardiotoxic effect that is mediated by generation of reactive oxygen species and inhibition of topoisomerase II inducing dose‐dependent acute myocardial injury.[4](#ehf212589-bib-0004){ref-type="ref"} Anthracycline‐induced myocardial injury can lead to acute or chronic left ventricular (LV) dysfunction with subsequent development of apparent heart failure.[4](#ehf212589-bib-0004){ref-type="ref"} Children are particularly susceptible to anthracycline cardiotoxicity with subclinical signs for myocardial injury in up to 47% of patients and subsequent development of cardiomyopathy in 10%.[6](#ehf212589-bib-0006){ref-type="ref"}, [7](#ehf212589-bib-0007){ref-type="ref"}, [8](#ehf212589-bib-0008){ref-type="ref"} Therefore, identification and monitoring of patients at risk in both the acute setting and survivors of childhood cancer is critical. Reliable diagnostic parameters are therefore needed.[5](#ehf212589-bib-0005){ref-type="ref"}, [8](#ehf212589-bib-0008){ref-type="ref"}

Cardiac biomarkers are cornerstones in the diagnosis of major cardiovascular diseases. Elevated cardiac troponin is the main criterion for the diagnosis for non‐ST segment elevation myocardial infarction in the presence of signs of ischaemia.[9](#ehf212589-bib-0009){ref-type="ref"} Brain natriuretic peptide (BNP) and the N‐terminal fragment of its prohormone N‐terminal proBNP (NT‐proBNP) are established as markers for heart failure with high sensitivity but low specificity.[10](#ehf212589-bib-0010){ref-type="ref"} Both biomarkers were identified as potential markers for chemotherapy‐related LV dysfunction and concomitant manifest heart failure in adult cancer patients. They are recommended as an auxiliary measure for diagnosis and monitoring by the European and American cardio‐oncology position papers.[11](#ehf212589-bib-0011){ref-type="ref"}, [12](#ehf212589-bib-0012){ref-type="ref"}, [13](#ehf212589-bib-0013){ref-type="ref"} Cardiac biomarkers also have the potential to identify childhood cancer patients who are likely to have cancer therapy‐related LV dysfunction and require further workup including echocardiography, but systematic evidence is sparse.[5](#ehf212589-bib-0005){ref-type="ref"}, [8](#ehf212589-bib-0008){ref-type="ref"}

This meta‐analysis therefore aims to evaluate the diagnostic value of troponin and BNP/NT‐proBNP for the detection of anthracycline‐related LV dysfunction in paediatric cancer patients and survivors of childhood cancer.

2. Methods {#ehf212589-sec-0005}
==========

The methodology of this meta‐analysis was in accordance with the 'Meta‐analysis of Observational Studies in Epidemiology (MOOSE)' recommendations.[14](#ehf212589-bib-0014){ref-type="ref"} Reporting was documented via the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses reporting guidelines flow diagram and checklist (*Tables* [*S1*](#ehf212589-supitem-0001){ref-type="supplementary-material"} and [*S2*](#ehf212589-supitem-0002){ref-type="supplementary-material"}).[15](#ehf212589-bib-0015){ref-type="ref"}

The study was registered at the International Prospective Register of Systematic Reviews (PROSPERO) (CRD42018106616). The data that support the findings of this study are available within the article or from the corresponding author upon reasonable request.

2.1. Data acquisition {#ehf212589-sec-0006}
---------------------

PubMed, Cochrane Library, Wiley Library, and Web of Science were screened for cross‐sectional and prospective studies investigating BNP, NT‐proBNP, and cardiac troponin I or T in cancer therapy‐related cardiotoxicity in paediatric patients or survivors of childhood cancer as defined as onset of cancer at age under 18 years. The search was not restricted for date of publication. The search terms included 'cancer', 'cardiotoxicity', 'children', 'childhood', 'pediatric', 'troponin', and 'brain natriuretic peptide'. The detailed search strategy can be found within the Supporting Information. Full‐text articles in English language and *n* ≥ 10 patients were included. For interventional studies investigating potential cardioprotective measures, only the control groups were included. Inclusion was not restricted for study design or type of cancer therapy. The following parameters were extracted: type of study; number of participants; type of therapy; type of biomarker; biomarker values pre‐treatment, post‐treatment, and control; and biomarker levels in patients with and without LV dysfunction.

LV dysfunction was defined as the primary endpoint. For the definition of LV dysfunction, decreased LV ejection fraction (LVEF) or fractional shortening (FS) as defined by the study\'s protocol was used. Strain analysis, static LV parameters, and diastolic dysfunction as definitions of LV dysfunction were excluded. As secondary endpoints, absolute biomarker levels in patients before treatment or control group compared with patients after treatment were studied. In addition, cardiac biomarkers patients with LV dysfunction compared with patients without LV dysfunction were examined. Prospective studies and cross‐sectional studies with control groups were included for the assessment of all appropriate endpoints. Cross‐sectional studies without control groups were not included in the analyses of pre‐treatment data. Continuous variables presented as median and inter‐quartile range were not included in the quantitative synthesis. Biomarker cut‐offs were used as defined by the study\'s protocol. Two researchers (L. M. and R. I. M.) conducted screening and extraction of data independently. In case of disagreement, a consensus was negotiated (M. T.).

2.2. Statistical analysis {#ehf212589-sec-0007}
-------------------------

Data are presented in a forest plot analysis using odds ratio (OR) and 95% confidence interval (CI) for dichotomous variables. For continuous variables, a meta‐analysis is presented using standardized mean difference (SMD) and 95% CI. Individual data are shown as mean and standard deviation. A random‐effects model was used to account for potential discrepancies in study settings. Descriptive statistics were performed using Revman 5.3 software (The Cochrane Collaboration).

Heterogeneity between studies was assessed using the *Q* statistic, and *I* ^2^ statistic was used to quantify heterogeneity according to published thresholds.[16](#ehf212589-bib-0016){ref-type="ref"} Funnel plot test (Egger\'s test) was performed in all analyses including 10 or more studies.[16](#ehf212589-bib-0016){ref-type="ref"} Bias was assessed using the Quality Assessment of Diagnostic Accuracy Studies 2 revised criteria[17](#ehf212589-bib-0017){ref-type="ref"} and the Newcastle‐Ottawa Scale.[18](#ehf212589-bib-0018){ref-type="ref"} Criteria for high risk of bias are detailed within the Supporting Information.

3. Results {#ehf212589-sec-0008}
==========

3.1. Study characteristics {#ehf212589-sec-0009}
--------------------------

Screening revealed 94 potentially relevant articles. Following exclusion of non‐eligible articles, 27 studies with 1651 subjects met the inclusion criteria and were included in the meta‐analysis (*Figure* [1](#ehf212589-fig-0001){ref-type="fig"}). A prospective design was present in 13 studies. The analysed population consisted of 1331 cancer patients and 320 healthy control subjects who were included for the analysis of biomarker dynamics in response to chemotherapy. All studies referred to anthracycline therapy as the main cause of cardiotoxicity. The most commonly used substance was doxorubicin (95% of studies), and the median cumulative anthracycline dose was 223 mg/m^2^ (*Table S3*). BNP or NT‐proBNP was assessed in 19 studies (1153 subjects) and troponin in 19 studies (1182 subjects) (*Table* [1](#ehf212589-tbl-0001){ref-type="table"}). All studies were included for the analysis of cardiac biomarkers in response to cancer therapy, while only studies using a cut‐off‐based identification of LV dysfunction via echocardiography after or at the same time of biomarker evaluation (11 studies, 652 subjects) were included for the analysis of the association between LV dysfunction and cardiac biomarkers. The overall incidence of LV dysfunction was 11.80%.

![PRISMA flow diagram showing the process of study inclusion. After 94 potentially relevant articles were screened, 27 studies were included in the quantitative synthesis. *n*, number of studies. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‐Analyses.](EHF2-7-423-g001){#ehf212589-fig-0001}

###### 

Study characteristics summary

  Variable                                       Subjects (*n*)   Included studies (*n*)
  -------------------------------- ------------- ---------------- ------------------------
  Total number of patients                       1651             27
  Biomarker                        Troponin I    217              5
  Troponin T                       889           13               
  Troponin I + T                   76            1                
  BNP                              427           8                
  NT‐proBNP                        726           11               
  Study design                     Prospective   784              13
  Cross‐sectional/retrospective    867           14               
  Type of cancer                   ALL           326              5
  Various acute leukaemia          141           3                
  Various haematological           423           5                
  Various haematological + solid   669           12               
  Various solid                    24            1                
  Not available                    68            1                

ALL, acute lymphoblastic leukaemia; BNP, brain natriuretic peptide; *n*, number; NT‐proBNP, N‐terminal proBNP.

3.2. Brain natriuretic peptide/N‐terminal pro‐brain natriuretic peptide {#ehf212589-sec-0010}
-----------------------------------------------------------------------

The frequency of BNP/NT‐proBNP elevation above the cut‐off for normal values did not show an increase post‐treatment (OR = 2.0; 95% CI = 0.3--13.3; *n* = 137; *P* = 0.47) (*Figure* [2](#ehf212589-fig-0002){ref-type="fig"} *A*). However, an analysis of absolute BNP/NT‐proBNP revealed 2.6‐fold (median) (25th--75th percentile: 2.2--3.6) increased biomarker concentrations in the post‐treatment group (SMD = 1.0; 95% CI = 0.6--1.4; *n* = 320; *P* \< 0.001) (*Figure* [2](#ehf212589-fig-0002){ref-type="fig"} *B*). This was individually recapitulated when compared with non‐treated, healthy control subjects and compared with pre‐treatment values with patients serving as their own control (SMD = 0.7; 95% CI = 0.5--0.9; *n* = 208; *P* \< 0.001 compared with non‐treated control subjects and SMD = 1.8; 95% CI = 0.4--3.2; *n* = 112; *P* = 0.01 compared with pre‐treatment values).

![BNP/NT‐proBNP pre‐treatment and post‐treatment. (A) frequency of BNP/NT‐proBNP elevation post‐treatment compared with pre‐treatment or control cohort. (B) absolute BNP/NT‐proBNP levels in patients post‐treatment compared with pre‐treatment or control cohort. Parallelogram boxes denote the odds ratio or standardized mean differences, and horizontal lines represent the 95% confidence interval.](EHF2-7-423-g002){#ehf212589-fig-0002}

Data on the association between BNP/NT‐proBNP and LV dysfunction were available from six studies investigating the frequency of LV dysfunction in patients with elevated biomarker compared with normal biomarker (dichotomous) and four studies assessing the absolute biomarker levels in patients with and without LV dysfunction (continuous). A cross‐sectional study design was found in all studies except one study with prospective design.[19](#ehf212589-bib-0019){ref-type="ref"} The median cut‐offs used for the definition of LV dysfunction were FS \< 29% (range: 27--30%) and LVEF \< 55% (range: 50--64%). High cut‐offs for LVEF were associated with a higher incidence of LV dysfunction (LVEF 60--64%: 17.61% vs. LVEF 50--55%: 10.26%). The frequency of LV dysfunction was significantly higher in patients with elevated BNP/NT‐proBNP (OR = 7.1; 95% CI = 2.0--25.5; *n* = 350; *P* = 0.003) (*Figure* [3](#ehf212589-fig-0003){ref-type="fig"} *A*). A significant effect was only observed for acute/subacute cardiotoxicity (OR = 41.4; 95% CI = 6.1--280.3; *n* = 88; *P* \< 0.001), but not for long‐term cardiotoxicity in survivors of childhood cancer with cancer diagnosis before ≥5 years prior to biomarker assessment (OR = 3.1; 95% CI = 0.99--9.7; *n* = 262; *P* = 0.05 for survivors of childhood cancer). Owing to a high range of age of the included studies (2001--2015), studies were allocated to subgroups showing studies before 2011 and studies published from and after 2011. The analysis revealed that a benefit of BNP/NT‐proBNP for the detection of cardiotoxicity was mainly driven by recent studies (2011 and younger) (OR = 8.0; 95% CI = 0.4--154.8; *n* = 180; *P* = 0.17 for studies prior to 2011 and OR = 7.3; 95% CI = 1.6--33.4; *n* = 170; *P* = 0.01 for studies 2011 and younger) (*Figure* [*S1*](#ehf212589-supitem-0001){ref-type="supplementary-material"}). High cumulative anthracycline doses as defined by 240--600 mg/m^2^ of doxorubicin or doxorubicin‐equivalent dose were associated with an increased frequency of LV dysfunction compared with studies including lower doses \< 240 mg/m^2^ (20.31% vs. 12.40%). A subgroup analysis indicated that the association between elevated BNP/NT‐proBNP and LV dysfunction was stronger in patients treated with high cumulative anthracycline doses compared with lower doses (OR 3.1; 95% CI = 0.99--9.7; *n* = 286; *P* = 0.05 for \<240 mg/m^2^ of cumulative dose and OR = 41.4; 95% CI = 6.1--280.3; *n* = 64; *P* \< 0.001 for 240--600 mg/m^2^ of cumulative dose) (Figure [S2](#ehf212589-supitem-0002){ref-type="supplementary-material"}).

![BNP/NT‐proBNP for the detection of LV dysfunction. (A) Frequency of LV dysfunction in patients with elevated BNP/NT‐proBNP compared with patients without elevated BNP/NT‐proBNP post‐treatment. (B) Absolute BNP/NT‐proBNP levels in patients with LV dysfunction compared with patients without LV dysfunction post‐treatment. Parallelogram boxes denote the odds ratio or standardized mean difference, and horizontal lines represent the 95% confidence interval. LV, left ventricular; Std, standardized.](EHF2-7-423-g003){#ehf212589-fig-0003}

BNP/NT‐proBNP levels were increased in patients with anthracycline‐related LV dysfunction than in patients with preserved LV function (SMD = 1.1; 95% CI: 0.6--1.5; *n* = 141; *P* \< 0.001) (*Figure* [3](#ehf212589-fig-0003){ref-type="fig"} *B*). There was no difference between BNP and NT‐proBNP (SMD = 0.9; 95% CI = 0.4--1.5; *n* = 80; *P* = 0.001 for BNP and OR = 1.3; 95% CI = 0.5--2.0; *n* = 61; *P* = 0.001 for NT‐proBNP) (*Figure* [*S3*](#ehf212589-supitem-0002){ref-type="supplementary-material"}). Sensitivity for the detection LV dysfunction by elevated BNP/NT‐proBNP was 33.3%, and specificity was at 91.5% (*Table* [2](#ehf212589-tbl-0002){ref-type="table"}). The **d**iagnostic value of BNP/NT‐proBNP for the detection of LV dysfunction was superior in acute/subacute compared with long‐term cardiotoxicity with a sensitivity of 52.6% and 23.8%, respectively (*Tables S4 and S5*). Additionally, sensitivity increased to 76.9% when selecting for high cumulative anthracycline doses, but the applicability of this observation was limited owing to the low number of included patients within this subgroup.

###### 

Diagnostic accuracy of brain natriuretic peptide/N‐terminal pro‐brain natriuretic peptide in detecting overall left ventricular dysfunction

                  LV dysf.      No LV dysf.         
  --------------- ------------- ------------- ----- -------
  Positive test   15            26            PPV   0.366
  Negative test   30            279           NPV   0.903
                  Sensitivity   Specificity         
                  0.333         0.915               

LV dysf., left ventricular dysfunction; NPV, negative predictive value; PPV, positive predictive value.

3.3. Troponin {#ehf212589-sec-0011}
-------------

The analysis of troponin release after anthracycline therapy was available for absolute values and for the frequency of exceeding predefined cut‐offs for significant release compared with pre‐treatment values or control subjects in 19 studies. Troponins I and T from conventional and high‐sensitivity assays were included. The frequency of troponin elevations was higher in patients post‐treatment (OR = 3.7; 95% CI = 2.1--6.5; *n* = 348; *P* \< 0.001) (*Figure* [4](#ehf212589-fig-0004){ref-type="fig"} *A*), but within three included studies providing absolute values, troponin levels remained unchanged (SMD = 0.2; 95% CI = −0.2 to 0.5; *n* = 129; *P* = 0.32) (*Figure* [4](#ehf212589-fig-0004){ref-type="fig"} *B*). There was no detectable difference between absolute troponins I and T, but this observation was limited owing to a small number of included patients \[dichotomous data: OR = 2.9 for troponin I and OR = 3.8 for troponin T (test for subgroup differences: *χ* ^2\ =^ 0.10 and *P* = 0.75); absolute troponin levels: SMD = 0.2 for troponin I and SMD = 0.0 for troponin T (test for subgroup differences: *χ* ^2\ =^ 0.38 and *P* = 0.54)\] (*Figure* [*S4A, B*](#ehf212589-supitem-0002){ref-type="supplementary-material"}). No troponin elevation was demonstrated in studies that performed assessment of troponin ≥3 months after the end of anthracycline therapy.

![Troponin pre‐treatment and post‐treatment. (A) Frequency of troponin elevation post‐treatment compared with pre‐treatment or control cohort. (B) Absolute troponin level in patients post‐treatment compared with pre‐treatment or control cohort. Parallelogram boxes denote the odds ratio or standardized mean difference, and horizontal lines represent the 95% confidence interval.](EHF2-7-423-g004){#ehf212589-fig-0004}

The association of troponin elevation with LV dysfunction as indicated by decreased LVEF or FS was examined in five studies with 179 patients. For the definition of LV dysfunction, FS \< 29% (range: 27--30%) and LVEF \< 55% were included. A significant association of troponin and LV dysfunction was not observed in a cut‐off‐based (dichotomous) analysis (OR = 2.5; 95% CI = 0.5--13.2; *n* = 179; *P* = 0.29) (*Figure* [5](#ehf212589-fig-0005){ref-type="fig"}).

![Troponin for the detection of left ventricular (LV) dysfunction. Frequency of LV dysfunction in patients with elevated troponin compared with patients without elevation post‐treatment. Parallelogram boxes denote the odds ratio, and horizontal lines represent the 95% confidence interval.](EHF2-7-423-g005){#ehf212589-fig-0005}

3.4. Assessment of bias and heterogeneity {#ehf212589-sec-0012}
-----------------------------------------

Risk of patient selection bias, index test bias, and flow and timing bias was assessed in all included studies. Reference standard bias was only assessed in studies that included a correlation with echocardiography and biomarkers (*Figure* [*S5*](#ehf212589-supitem-0002){ref-type="supplementary-material"}). The highest risk of bias was found for patient selection bias, and flow and timing bias (*Figure* [6](#ehf212589-fig-0006){ref-type="fig"}). A median of six stars on a scale of nine stars maximum was reached using the Newcastle‐Ottawa‐Scale (*Table S6*). Non‐blinded biomarker assessment and inadequate follow‐up were most commonly found.

![Bias of included studies. Bias assessment of all included studies using the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS‐2) revised criteria. Risk of bias is depicted as low risk of bias (green), unclear risk of bias (yellow), and high risk of bias (red).](EHF2-7-423-g006){#ehf212589-fig-0006}

*I* ^2^ statistic revealed moderate to substantial heterogeneity for the assessment of BNP/NT‐proBNP post‐treatment compared with pre‐treatment or control (*I* ^2^ = 75% for dichotomous data and *I* ^2^ = 77% for continuous data). The analysis of the likelihood for LV dysfunction in patients with elevated biomarker and the analysis of biomarker levels in patients with or without LV dysfunction showed moderate heterogeneity (*I* ^2^ = 38% for dichotomous data and *I* ^2^ = 0% for continuous data). Funnel plot test (Egger\'s test) identified one outlier[20](#ehf212589-bib-0020){ref-type="ref"} for BNP/NT‐proBNP post‐treatment compared with pre‐treatment or controls (*Figure* [*S6*](#ehf212589-supitem-0002){ref-type="supplementary-material"}).

4. Discussion {#ehf212589-sec-0013}
=============

This meta‐analysis aimed to evaluate cardiac troponin and BNP/NT‐proBNP in diagnosis and screening of cancer therapy‐related cardiotoxicity in paediatric cancer patients and survivors of childhood cancer. The study indicated that anthracycline chemotherapy in children is associated with increased BNP/NT‐proBNP levels. Elevated BNP/NT‐proBNP indicated an increased risk for LV dysfunction in children receiving anthracycline chemotherapy with a low sensitivity. Troponin increased during anthracycline chemotherapy, but the available evidence did not support an associated with LV dysfunction.

Timely detection of cardiotoxicity in children undergoing anthracycline chemotherapy is crucial because early cardioprotective therapy may prevent or mitigate cardiotoxicity.[6](#ehf212589-bib-0006){ref-type="ref"}, [21](#ehf212589-bib-0021){ref-type="ref"}, [22](#ehf212589-bib-0022){ref-type="ref"} Echocardiography serves as the primary tool for the detection of LV dysfunction, but clinically apparent changes can be a delayed phenomenon and are therefore limited as an early indicator for the need of cardioprotective interventions.[1](#ehf212589-bib-0001){ref-type="ref"}, [23](#ehf212589-bib-0023){ref-type="ref"}, [24](#ehf212589-bib-0024){ref-type="ref"} Additionally, reference values for the assessment of LV function are less validated for paediatric patients than in adults. The strain analysis may benefit the early identification of cardiotoxicity in childhood cancer patients, but only few studies covered myocardial strain for an early diagnosis of LV dysfunction.[25](#ehf212589-bib-0025){ref-type="ref"}, [26](#ehf212589-bib-0026){ref-type="ref"} At present, systematic evidence on the role of biomarkers for cardiotoxicity in childhood cancer patients is limited with one available systematic review that did not assess acute/subacute cardiotoxicity seen within \<1 year after the beginning of cancer therapy.[27](#ehf212589-bib-0027){ref-type="ref"}

With an overall low sensitivity of 52.6%, the value of BNP/NT‐proBNP for the detection of acute/subacute cardiotoxicity is limited. A stronger association of BNP/NT‐proBNP with LV dysfunction and an increased sensitivity of 76.9% was observed within the small group of patients who received high‐dose anthracycline treatment (≥240 mg/m^2^ of doxorubicin or doxorubicin‐equivalent dose) compared with those who received lower doses. Still, it is not justified to use BNP/NT‐proBNP as a standalone marker in this collective. All except one study had a cross‐sectional study design. Therefore, a role of BNP/NT‐proBNP in detecting cardiotoxicity was demonstrated, but there is no sufficient evidence for BNP/NT‐proBNP in predicting future cardiac dysfunction. Despite its potential as an auxiliary diagnostic parameter, the evaluation of BNP/NT‐proBNP is challenging owing to variations in reference values during childhood. Particularly, BNP/NT‐proBNP decreases with age and is increased in girls within the second decade of life.[28](#ehf212589-bib-0028){ref-type="ref"} Therefore, an age‐adjusted interpretation of BNP/NT‐proBNP plasma levels is recommended in children, and potential further effects on BNP/NT‐proBNP plasma levels may remain uncovered.[28](#ehf212589-bib-0028){ref-type="ref"} Therefore, assessment of BNP/NT‐proBNP may be embedded in a cardio‐oncology workup that further includes assessment of risk factors, physical examination, and echocardiography, rather than being used as a standalone marker.

High prevalence of late cardiotoxicity in survivors of childhood cancer indicates the need for lifelong cardiomyopathy surveillance.[5](#ehf212589-bib-0005){ref-type="ref"} Echocardiography is the primary surveillance modality, but cardiac biomarkers may serve as an additional tool for screening and monitoring of trends.[1](#ehf212589-bib-0001){ref-type="ref"}, [5](#ehf212589-bib-0005){ref-type="ref"}, [8](#ehf212589-bib-0008){ref-type="ref"} The absence of interobserver variability and the simple and cost‐effective execution of biomarker assessment may be beneficial for this purpose.[5](#ehf212589-bib-0005){ref-type="ref"} However, cardiac biomarker assessment is not recommended within the current clinical practice guidelines owing to lack of evidence.[5](#ehf212589-bib-0005){ref-type="ref"}, [8](#ehf212589-bib-0008){ref-type="ref"} The present systematic analysis aimed to assess BNP/NT‐proBNP and troponin within this collective. The meta‐analysis did not demonstrate a robust association between elevated BNP/NT‐proBNP and the prevalence of LV dysfunction in survivors of childhood cancer. Considering the low sensitivity, our results indicate that there is not yet sufficient evidence to support the routine use of BNP/NT‐proBNP as a parameter for screening of patients at risk for late anthracycline‐related LV dysfunction. However, elevated BNP/NT‐proBNP in childhood cancer patients indicates high likelihood of LV dysfunction with a specificity of 91.5% and negative predictive value of 90.3%. Therefore, elevated BNP/NT‐proBNP should prompt further cardio‐oncologic workup. Additionally, assessment of BNP/NT‐proBNP may benefit evaluation of LV function in the presence of inconclusive echocardiography, bad imaging quality, or borderline LV function. Again, further diagnostic measures are necessary to achieve sufficient diagnostic accuracy.

Large studies investigating cardiac troponin as marker for cardiotoxicity in adult patients have shown robust data on troponin as a predictor of chemotherapy‐related cardiotoxicity.[12](#ehf212589-bib-0012){ref-type="ref"}, [29](#ehf212589-bib-0029){ref-type="ref"} It is hypothesized that troponin indicates early myocardial injury in response to anthracycline exposure and thereby predicts development of manifest heart failure in the further course. Regarding promising results in single studies on troponin for cardiotoxicity in childhood cancer therapy, troponin was clearly expected to be associated with anthracycline cardiotoxicity in paediatric cancer patients, but no such association was demonstrated. Several confounding factors may have contributed to this unexpected result. At first, the analysis of troponin for the detection of LV dysfunction was underpowered, and the small number of included patients and the low frequency of elevated troponin within included studies limited interpretation of the results. Secondly, anthracycline‐related cardiotoxicity typically induces a low‐level increase of troponin compared with troponin dynamics in acute myocardial infarction[6](#ehf212589-bib-0006){ref-type="ref"} and use of high‐sensitivity‐/ultra‐sensitivity troponin assays may benefit the value of troponin for detection of anthracycline‐related cardiotoxicity. Of note, only one study included for assessment of troponin for the detection of LV dysfunction stated the use of a high‐sensitivity troponin assay. Finally, the optimum timing of troponin assessment after anthracycline exposure has not yet been systematically evaluated in childhood cancer patients and may improve diagnostic and prognostic performance of troponin. With troponin indicating acute myocardial injury in response to anthracycline exposure, assessment within the first days after therapy is expected to display peak values as seen in adult patients.[30](#ehf212589-bib-0030){ref-type="ref"} Within included studies, no biomarker elevation was found ≥3 months after the end of anthracycline therapy, further supporting the use of troponin in the acute setting. However, the available evidence is insufficient to confirm or refute a benefit of troponin for the detection and/or prediction of anthracycline‐related cardiotoxicity in children.

Only few studies cover the response of cardiac biomarkers to cardioprotective therapy in children receiving anthracyclines.[6](#ehf212589-bib-0006){ref-type="ref"}, [21](#ehf212589-bib-0021){ref-type="ref"}, [22](#ehf212589-bib-0022){ref-type="ref"} The frequency of troponin elevations was reduced when children received concomitant therapy with the cardioprotective iron chelator dexrazoxane.[6](#ehf212589-bib-0006){ref-type="ref"} Heart failure therapy with ACE inhibitors or beta‐blockers has also shown to reduce troponin levels in children treated with anthracyclines,[21](#ehf212589-bib-0021){ref-type="ref"}, [22](#ehf212589-bib-0022){ref-type="ref"} but an association between troponin and LV function in this setting has not yet been demonstrated.[6](#ehf212589-bib-0006){ref-type="ref"}, [21](#ehf212589-bib-0021){ref-type="ref"}, [22](#ehf212589-bib-0022){ref-type="ref"} In adult cancer patients, elevated troponin was successfully used as a marker for high‐risk patients to initiate cardioprotective treatment for the prevention of LV dysfunction.[31](#ehf212589-bib-0031){ref-type="ref"}, [32](#ehf212589-bib-0032){ref-type="ref"} Future studies are needed to validate cardiac biomarkers to identify children at risk for cardiotoxicity that benefit from cardioprotective therapy.

Several limitations were found within the present meta‐analysis. At first, the definitions for LV dysfunction were not uniformly applied. Within most of studies, a combined endpoint with decreased LVEF or decreased FS was used. FS for the assessment of LV dysfunction is judged as a valid method for the assessment of cardiotoxicity in children[33](#ehf212589-bib-0033){ref-type="ref"} but may still be less valid than ejection fraction. Additionally, unusual cut‐offs for FS and LVEF that were used in three of eight studies included for the analysis of BNP/NT‐proBNP for LV dysfunction may have caused misclassification bias owing to false‐positive results. Secondly, several studies used fixed biomarker cut‐offs for cardiac biomarkers, while others utilized age‐dependent cut‐offs. These differences may have caused heterogeneity and bias. Thirdly, studies on cardiac biomarkers regarding other relevant cancer therapy‐related side effects such as an increased risk for coronary artery disease or other forms of cardiotoxic cancer therapy such as radiotherapy were not available for the present analysis. Patients who received high‐dose anthracyclines and chest radiotherapy have an up to 61.5‐fold increased risk and a cumulative incidence for overall cardiac disease of 11.0% at the age of 40 years.[2](#ehf212589-bib-0002){ref-type="ref"} Therefore, evaluation of cardiac biomarkers in the detection of cardiovascular adverse events other than heart failure is needed in future studies.

5. Conclusions {#ehf212589-sec-0014}
==============

In conclusion, BNP/NT‐proBNP increases in response to anthracycline chemotherapy in children and is associated with acute therapy‐related LV dysfunction in children with cancer who are receiving anthracycline chemotherapy. With a low sensitivity, assessment of BNP/NT‐proBNP should be embedded in a cardio‐oncology workup including clinical examination and echocardiography. Our data do not support the use of BNP/NT‐proBNP for screening of late cardiotoxicity in survivors of childhood cancer. Randomized studies are needed to provide evidence if monitoring of BNP/NT‐proBNP decreases the risk for manifest heart failure and mortality in childhood cancer patients. Standardized recommendations on the application of cardiac biomarkers for the assessment of cardiotoxicity in paediatric cancer patients are fundamental to facilitate optimum cardio‐oncology care of this collective.
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